Music and speech perception in children using sung speech: Effects of neurocognitive factors by André, Victoria A.
James Madison University
JMU Scholarly Commons
Dissertations The Graduate School
Spring 2019
Music and speech perception in children using
sung speech: Effects of neurocognitive factors
Victoria A. André
Follow this and additional works at: https://commons.lib.jmu.edu/diss201019
Part of the Speech and Hearing Science Commons, and the Speech Pathology and Audiology
Commons
This Dissertation is brought to you for free and open access by the The Graduate School at JMU Scholarly Commons. It has been accepted for inclusion
in Dissertations by an authorized administrator of JMU Scholarly Commons. For more information, please contact dc_admin@jmu.edu.
Recommended Citation












Victoria A. André 
  
A dissertation submitted to the Graduate Faculty of 
JAMES MADISON UNIVERSITY 
in 
 Partial fulfillment of the Requirements 
for the degree of 
Doctor of Audiology 








Committee Chair: Yingjiu Nie, Ph.D. 
Committee Members: Ayasakanta Rout, Ph.D. and Rory DePaolis, Ph.D.  
 
    ii 
 
Acknowledgements 
First and foremost I would like to thank my advisor, Dr. Yingjiu Nie, for all of her 
support and direction throughout the entire dissertation process. This work would not 
have been possible without her constant encouragement and dedication since the 
beginning. Dr. Ayasakanta Rout and Dr. Rory DePaolis, I have sincerely appreciated the 
guidance and contributions you have each made to make this project a success. I am 
grateful to all of the CSD faculty at James Madison University who have been so 
supportive of my career goals and have provided me with the education and tools 
necessary to become a well-prepared Audiologist. A special thank you goes out to the lab 
members who assisted in data collection for this project. Harley Wheeler, Nikolas Mikus, 
Taylor Arbogast, and Diana Burke, your time and help did not go unnoticed, it was a 
pleasure working with you all. My time at JMU has been so enjoyable thanks to my 
fellow Au.D. students who have walked alongside me in this graduate school journey. 
Last but certainly not least, I could not have made it this far in my academic journey if it 
weren’t for the unending love and encouragement from my family, fiancée, and friends.   
This work is supported by the Roger Ruth Memorial Grant from the Department 






    iii 
 
Table of Contents 
Acknowledgments …………………………………………………………………..…..  ii 
List of Tables……………………………………………………………………............. iv 
List of Figures…………………………………………………………………………... vii 
Abstract……………………………………………………………………………...…. viii 
 
Chapter 1: Manuscript 
I.  Introduction…………………………………………………………….… 2 
II.  Materials and Methods………………………………………………..….. 7 
 2.1  Participants……………………………………………………...... 7 
 2.2 Procedure…………………………………………….....…….…... 7 
 2.3  Data Collection Tools………………………………….…………. 9 
III. Results………………………………………………………..……………... 12 
3.1  Question # 1……………………………………………….……. 13 
3.2 Question # 2…………………………………………….………. 14 
3.3  Question # 3…………………………………………….………. 16 
3.4 Question # 4………………………………………….…………. 18 
3.5 Question # 5……………………………………….……………. 19 
IV. Discussion………………………………………………………………. 23 
V. Conclusion……………………………………………………...………. 28 
VI. References………………………………………………………………. 29 
 
Chapter 2: Appendices 
 Appendix I: Extended Literature Review………………………………………. 32 
Appendix II: Musical Experience Questionnaire……………………………….. 37 
  
    iv 
List of Tables 
 
Table 1: Musician and Non-Musician Participant Demographics……………..………. 12 
Table 2: Element ID Data from +3 dBSNR Condition………………………...………. 21 
Table 3: Element ID Data from 0 dBSNR Condition……………………………..…… 22 
  
    v 
List of Figures 
 
Figure 1: MCI Contour Matrix………………………………………………….………. 8 
Figure 2: Element ID Matrix for Sentence Recall………………………………….….... 9 
Figure 3: Data of MCI performance in Musician and Non-Musician Groups Separated  
by Age……………...……………………………………………………....... 14 
Figure 4: Order Effect Data for Musician and Non-Musician Groups Separated by  
Age………………………………………………………………………....... 15 
Figure 5: Nonverbal IQ Performance Data for Musician and Non-Musician Groups..... 17 
Figure 6: Receptive Vocabulary Performance Data for Musician and Non-Musician 
Groups……………………………………………………………………….. 17 




    vi 
Abstract 
  The current study aimed to explore normal-hearing children's ability to utilize 
pitch and timbre cues and how these findings correlate with neurocognitive factors. 
Participants were recruited if they had English as their first language and no formal 
musical training or 3+ years of formal musical training. Twenty normal-hearing children, 
age 7.5-14.5 years (mean = 10.5; n=20) were recruited for the study. Nonverbal 
intelligence, receptive vocabulary, and auditory working memory were assessed using 
subtests of the Kaufman Brief Intelligence Test-2, Peabody Picture Vocabulary Test-4, 
and Comprehensive Test of Phonological Processing-2, respectively. Raw scores were 
used to analyze these neurocognitive abilities in each participant. The Angel SoundTM 
program was employed for the remainder of testing. The Sung Speech Corpus (SSC) was 
used to present sequences composed of five monosyllabic words or five piano notes, 
created with various pitch contours and timbre complexities. The Melodic Contour 
Identification (MCI) task was presented only in the quiet condition. Element 
identification (Element ID) was tested at 0 dB SNR and +3 dB SNR. Musicians 
performed significantly better on the MCI task than non-musicians but there was no 
difference on the Element ID task, consistent with previous literature. Musicians 
performed significantly better on all neurocognitive tasks than their non-musician peers. 
An order effect was seen on the Element ID task with participants significantly better at 
the recall of the last element compared to the first or fourth elements. Receptive 
vocabulary and auditory working memory were found to be significant predictors of 
performance on several elements of the Element ID task.  
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1. Introduction 
 Pitch and timbre are two attributes that are critical for success in speech understanding 
and music listening in people of all ages. For the purposes of this paper, the following definitions 
of pitch and timbre will be used. ANSI (1973) defines pitch as “the attribute of sound according 
to which sounds can be ordered on a scale from low to high”. Timbre is defined as “the attribute 
of an auditory sensation that allows it to be distinguished from other sounds at the same pitch 
and loudness”. One must be able to make use of timbre information to discern contrasting 
differences between two phonemes, or speech sounds, that are similar in pitch (Galvin, Fu, & 
Oba, 2008; Poulin et al., 2004). Kraus, Skoe, Parbery-Clark, and Ashley (2009) published a 
review that discussed differences in auditory perception between normal-hearing musician and 
non-musician listeners, focusing on the acoustic properties of pitch, timbre, and timing. Since the 
publishing of this review, several groups have continued to study the differences in musician and 
non-musician listeners with normal-hearing sensitivity while other researchers have studied 
individuals who utilize traditional amplification and/or cochlear implants. This area of literature 
is critical for audiologists to make comparisons regarding the way in which these populations 
utilize pitch and timbre cues for speech and music perception. An understanding of this area of 
research can provide us with better insight as to how we can program hearing devices in order to 
optimize speech and music listening for patients. 
Allen and Oxenham (2014), discussed three features in which sound can be categorized: 
pitch, timbre, and loudness. The aim of their study was to understand how changes in pitch affect 
one’s ability to detect changes in timbre, and vice versa. They examined the effect of 
fundamental frequency (F0) discrimination when timbre is varied as well as timbre 
discrimination when F0 is varied. Participants were split into musician and non-musician groups. 
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When comparing the discrimination limens for timbre, they did not find a difference between 
musician and non-musician groups. However, the musician group performed significantly better 
in F0 (pitch) difference limens than the non-musician group. They found that both the musician 
and non-musician groups were negatively impacted when the F0 or timbre was more complex. 
Based on their findings, the authors concluded that musicians are negatively affected by random 
variations in timbre, similar to their non-musician peers.  
The creation of the Sung Speech Corpus (SSC) allowed for the standardization of stimuli 
used in the evaluation of speech and musical perception abilities of listeners using different 
hearing modalities, thus improving inter-test reliability (Crew, Galvin, and Fu, 2015). Melodic 
Contour Identification (MCI) and Sentence Identification (Sentence ID) are two of the areas that 
the SSC allows researchers to assess, through the manipulation of pitch and timbre within the 
stimuli. There are four timbre conditions in which the MCI task can be performed, each with 
varying levels of complexity (fixed timbre or mixed timbre). The fixed timbre conditions hold 
timbre constant by using either Piano notes or one Fixed Word (Bob). In these conditions, the 
timbre is the same across all five notes/words of the presentation, however the pitch is changed 
across notes. In the mixed timbre conditions, both pitch and timbre are changed across the words, 
making these conditions more complex. The Fixed Sentence condition uses five different words 
throughout the presentation, but the sentences are the held the same across all trials. However, 
the Random Sentence condition uses five different words throughout the presentation, and 
different (random) sentences across all trials. For the Sentence ID task, the SSC allows for the 
manipulation of the stimuli, including testing in the presence of competing noise.  
An area of literature with new interest examines differences between musicians and non-
musicians. Available research is consistent with reports that adult musicians significantly 
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outperform non-musicians on frequency discrimination tasks (Parbery-Clark, Skoe, Lam, & 
Kraus, 2009; Crew, Galvin, & Fu, 2015). Nie and colleagues (2018) revealed similar findings in 
school-aged children. Studies have not shown a similar musician effect when testing speech-in-
noise in adult participants (Parbery-Clark, Skoe, Lam, & Kraus, 2009; Crew, Galvin, & Fu, 
2015). Interestingly, Nie et al. (2018) found that musician performance on the Sentence ID task 
positively correlated with the duration of musical training and the age at which musical training 
began in school-aged children. Crew, Galvin, and Fu (2015) and Nie et al. (2018) both saw a 
decrease in performance in the mixed timbre conditions in comparison to the fixed timbre 
conditions in both musicians and non-musicians. Their findings suggest that there is a negative 
effect on the perception of pitch contours when timbre complexity is increased.  
Recent literature has focused on a possible link between musical training and 
neurocognitive abilities in adults and children such as intelligence, receptive vocabulary, and 
auditory working memory. Research has shown that duration of musical training positively 
correlates with nonverbal intelligence scores (Schellenberg, 2006; Corrigall, Schellenberg, & 
Misura, 2013; Swaminathan, Schellenberg, and Khalil, 2017). When duration of musical training 
was controlled for, a relationship between music competence and nonverbal intelligence was 
observed (Swaminathan, Schellenberg, and Khalil, 2017). Several researchers have questioned 
whether a relationship exists between executive functions and these unique findings in 
musicians. In 2016, Mayer, Hannent, and Heaton found a positive correlation between receptive 
vocabulary scores and pitch discrimination abilities in normal-hearing children. Additionally, 
they discovered a significant positive correlation between word discrimination ability and both 
age and verbal intelligence. It may be argued that the aforementioned musician benefit in pitch 
(contour) perception (Crew, Galvin, & Fu, 2015; Nie et al., 2018) and speech identification (Nie 
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et al., 2018) are attributed to these more robust cognitive functions associated with musical 
training. 
The aim of the current study is to build upon previous research that has examined speech 
and music perception in musicians and non-musicians, specifically in normal-hearing children. 
Methods for this study are very similar to those from Nie et al. (2018) with the addition of 
assessing nonverbal IQ, receptive vocabulary, and auditory working memory abilities of each 
participant. Additionally, data collection differed from Nie et al. (2018) in scoring the 
concatenated sentence identification task. To analyze each element individually, scores were 
given as percent correct over the entire trial for individual elements, one through five. The main 
objective in evaluating neurocognitive abilities in this population is to determine if these factors 
account for the differences in performance between musicians and non-musicians to assess these 
skills in cochlear implant users in the future. Currently, there is no available literature that 
examines these factors for use as a baseline in normal-hearing listeners in which others can be 
compared. This data set addresses the following five questions: (1) Is MCI or Element ID 
performance affected by variations pitch or timbre attribute and is this different for musicians 
and non-musicians? It was hypothesized that timbre effects would be seen differently in both the 
musician and non-musician groups for MCI but not for Element ID, similar to Nie et al. (2018). 
(2) Is there an order effect between elements for sentence identification in musician vs. non-
musician groups? It was hypothesized that there would be an effect of order between the 
elements in the sentence identification task and that the effect would be similar for musicians and 
non-musicians. (3) Are neurocognitive skills different between musicians and non-musicians? It 
was hypothesized that there would be a difference in neurocognitive abilities between groups. (4) 
Is there an effect of neurocognitive factors on MCI performance? It was hypothesized that there 
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would be an effect of neurocognitive factors on the MCI task. It was predicted that a higher 
working memory and receptive vocabulary score would positively correlate with MCI 
performance. (5) Is there an effect of neurocognitive factors on Element ID performance? It was 
hypothesized that there would be an effect of receptive vocabulary and nonverbal IQ on the 
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II. Materials and Methods  
2.1 Participants 
Twenty normal-hearing children, ages 7.5 - 14.5 participated in the study. Participants 
were paid volunteers recruited through the Communication Sciences and Disorders department at 
James Madison University by flyers, word-of-mouth, and email blast. Inclusion criteria for 
participation required spoken English as the child’s first language and audiometric thresholds of 
15 dB HL or better at audiometric frequencies between 250 and 8000 Hz in the right ear. 
Participants were split into two groups: musicians (M) and non-musicians (NM). Nine musicians 
and eleven non-musicians were recruited for this study. In this study, musicians were defined as 
those with 3+ years of formal musical training. The non-musician group was required to not have 
had any formal musical training. Prior to participation in the study, informed consent and assent 
were obtained from the participant’s parent and the participant themselves. All procedures were 
approved by the Institutional Review Board (IRB) at James Madison University prior to the 
collection of data.  
 
2.2 Procedure 
Methods were similar to Nie et al. 2018, which aimed to determine if there is an effect of 
age and musical experience on the ability of normal-hearing children to extract pitch and timbre 
cues, interactively. Participants completed testing over two days (1.5 to 2 hours each day), given 
several breaks to reduce the effects of fatigue during each session. In the present study, informed 
consent and assent paperwork were completed at the beginning of the first session and any 
questions were answered. Participants were asked to complete a Musical Experience 
Questionnaire to give a detailed account of their musical experiences, training, and listening 
preferences. A hearing screening was performed in a sound treated booth at audiometric 
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frequencies between 250 to 8000 Hz to verify that thresholds were 15 dB HL or better at each 
octave frequency.  
For the melodic contour identification (MCI) experiment, participants were instructed to 
identify the pitch contour of a given sequence while its five components were presented as piano 
notes, fixed word, fixed sentence, or random sentence. The participants would either point to 
their choice or verbally indicate their answers for each trial. The researcher clicked on the 
corresponding response on the software. The stimulus was presented monaurally at a level of 60 
dBA to the right ear. For the MCI task, the participant was given nine contour options on the 
computer screen, as depicted in Figure 1. These choices included: Rising, Rising-Flat, Rising-
Falling, Flat-Rising, Flat, Flat-Falling, Falling-Rising, Falling-Flat, and Falling. The order in 
which the four MCI conditions were tested was randomized for each participant. Each child was 
given several practice trials using whichever condition was first for them according to the 
participant’s randomized order. This was done to familiarize the participant with the task. The 
four experimental conditions were tested once the participant plateaued in performance on the 
practice trials. Each condition contained 27 trials. Scores were calculated by percent correct from 
the trials. The MCI task was presented only in the quiet condition. MCI was tested in the 
following four conditions: Piano, Fixed Word, Fixed Sentence, and Random Sentence.  
 
Figure 1. MCI Contour Matrix 
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For the element identification (Element ID) experiment, participants were asked to 
identify five monosyllabic words, given a 10x5 matrix of possible options, presented in sentence 
format with a syntax structure of name, verb, number, clothing. This matrix is depicted in Figure 
2. There were four conditions in which Element ID was tested: Flat contour, Random contour, 
and Spoken contour. The participant was asked to repeat the sentence that they heard as 
accurately as possible. The sentences were not repeated if the participant was unsure of what 
they heard to avoid longer test time. Instead, they were instructed to take their closest guess on 
any element that they were not sure of. Each condition contained 27 trials. The data collection 
approach varied from that of Nie and colleagues (2018) in that scores for this task were given 
based on percent correct for each element of the sentence throughout the condition, instead of 
whether the complete sentence was correct. The Element ID task was tested in the 0 dB SNR and 
+3 dB SNR conditions using an ipsilateral masker presented to the right ear. Neurocognitive tests 
were not administered in a specific order. 
 
Figure 2. Element ID Matrix for Sentence Recall 
 
 
2.3 Data Collection Tools 
 Prior to testing, participants were given a Musical Experience Questionnaire that 
addressed different areas of musical experience to be sure they would appropriately fit into the 
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musician or non-musician group. This questionnaire allowed participants to give a detailed report 
of the individual’s musical experience such as: duration of musical training, age at which 
musical training began, family history of musical experience, frequency of practice, among other 
questions. The child was also asked to rank their musical confidence and pitch discrimination 
confidence on a scale of 1 to 10 (1 = least confident, 10 = most confident). The Musical 
Experience Questionnaire can be found in Appendix II. Nonverbal cognitive ability, receptive 
vocabulary, and auditory working memory were assessed for each participant using subtests of 
the Kaufman Brief Intelligence Test-2 (KBIT-2), Peabody Picture Vocabulary Test-4 (PPVT-4), 
and Comprehensive Test of Phonological Processing-2 (CTOPP-2), respectively. The Matrices 
subtest of the KBIT-2 was used. This test required the participant to understand the relationship 
among visual stimuli and choose the correct response in a closed-set of answers. The PPVT-4 
allows for the assessment of receptive vocabulary by asking the participant to point to the picture 
that represents a given word. On the easel provided, there are four pictures that the participant 
can choose from when determining which picture depicts the word that was given. The Memory 
for Digits subtest of the CTOPP-2 allowed us to measure each participant’s ability to correctly 
repeat back digits that they heard. The neurocognitive tests were administered in accordance with 
the instructions provided in the manual for each standardized assessment in regard to 
establishing the basal item and ceiling item as well as scoring. Age-based normative data was 
used to analyze neurocognitive abilities of each participant. Raw scores for each assessment were 
used for statistical analysis.  
The Angel SoundTM program was employed for the remainder of testing. The program was 
utilized via a DELL computer routed through a High Definition Sound Device soundcard and a 
DAC1 D/A converter. The stimuli were presented to the participant through a Tucker-Davies 
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Technologies (TDT) RZ-6 headphones buffer driving a HDA circumaural headphone. The Sung 
Speech Corpus (SSC), adapted from Crew et al. (2015) was used to present sequences composed 
of five monosyllabic words or five piano notes, created with various pitch contours. The 
researchers devised a single database that contains pitch, timbre, and speech information to allow 
for consistency across studies. This portion of testing was completed in a double-walled sound 
booth in the Lab for Auditory Perception in Children and Adults in the College of Health and 
Behavioral Sciences building at James Madison University. 
Once the 27 trials are completed for each set within the MCI or Element ID tasks, the 
software generates a report with the participant’s score from that given trial. For MCI, the score 
represents the percentage of correct responses from the set. For Element ID testing, several 
scores were generated upon completion of each set. The first score was the percentage of 
complete sentences where each of the five elements were correctly recalled. Then, a score was 
given for each element across all trials in that set. In other words, across all 27 trials, what 
percentage of the time was Element 1 correctly recalled? Element 2? etc. These scores were 
given individually for Element 1 through Element 5. By separating the scores, this would allow 
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III. Results 
Participants were split into two groups: Non-Musician (NM) and Musician (M), with 11 
and 9 participants, respectively. The non-musician group consisted of children who had no 
musical experience, meanwhile the musician group was defined as those who had received 
formal musical training and have actively practiced frequently for 3 years or longer. These 
groups were then divided based on age into a younger group (U10) consisting of children ages 7-
9 years and an older group (G10) consisting of children ages 10-14 years. Table 1 illustrates the 
demographics of each participant recruited for the study.  
 The data was analyzed using SPSS Version 24. MCI and Element ID scores were 
obtained in percent correct and transformed into Rationalized Arcsin Unit (RAU) scores prior to 
statistical analysis (Studebaker, 1985) to normalize the data set due to subject performance 
tending to reach toward the ceiling.  
 
Participant Age at 
Testing 
(Years) 
















Musician 1 14.9 F 7 P 15 7 6 
Musician 2 12.8 F 5 P 8 5 7 
Musician 3 8.9 F 5 C, P, S 25 10 10 
Musician 4 10.2 F 4 P 11 5 6 
Musician 5 13.9 F 8 P 38 6 8 
Musician 6 9.5 M 5 P, S 20 7 9 
Musician 7 10.6 M 4 P, S 43 8 10 
Musician 8 9.8 M 4 P, S 14 6 7 
Musician 9 10.0 F 6 P 30 8 7 
NM 1 8.1 F 0 N/A N/A 2 1 
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NM 2 7.7 M 0 N/A N/A 3 2 
NM 3 8.0 M 0 N/A N/A 5 5 
NM 4 10.0 M 0 N/A N/A 6 7 
NM 5 9.6 M 0 N/A N/A 3 2 
NM 6 10.2 M 0 N/A N/A 1 1 
NM 7 9.2 M 0 N/A N/A 3 3 
NM 8 12.3 F 0 N/A N/A 1 1 
NM 9 7.7 M 0 N/A N/A 1 1 
NM 10 14.5 M 0 N/A N/A 1 1 
NM 11 11.1 M 0 N/A N/A 9 9 
 
Table 1. Musician and Non-Musician Participant Demographics 
Note. For subject, NM=non-musician. F=female, M=male. For type of music experience, C=compose music, P=play 




3.1 Question #1 
The first question asked: Is MCI or Element ID performance affected by variations in the 
other attribute different for musicians vs. non-musicians?  
Two repeated measures (RM) ANOVAs were used to address this question by 
determining differences between the two between-subjects factors: age group (younger and 
older) and musical experience groups (NM and M). Separate RM ANOVAs were performed 
using the two dependent variables: RAU MCI Score and RAU Element ID Score. In the first 
calculation (MCI), the four timbre conditions (Piano, Fixed Word, Fixed Sentence, Random) 
were designated as the within-subjects independent variables. This analysis revealed that MCI is 
significantly affected by variation in timbre (p=.007). A musician effect was seen, with 
musicians performing significantly better on the MCI task than non-musicians. A pairwise 
comparison using Bonferroni correction showed that participants performed significantly poorer 
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in the Random Sentence condition than the Piano condition (p=.015) and the Fixed Word 
condition (p=.004), depicted in Figure 3.  
 




To address the Element ID piece of this research question, another Split Plot RM 
ANOVA was performed. The three timbre conditions (Spoken, Random and Flat), SNR (0 
dBSNR and +3 dBSNR), and Order (Elements 1, 2, 3, 4, and 5) were designated as the within-
subjects independent variables. A musician benefit was seen on the Element ID task, however 
the results did not reach significance (F (1, 16) = 3.339, p = 0.086). There were no significant 
interactions between SNR and musician/non-musician group or between SNR and age group.  
3.2 Question #2 
The second question asked: Is there an order effect between elements for sentence 
identification in musician vs. non-musician groups?  
 
    
15 
An RM ANOVA was performed on the RAU Element ID data with the timbre conditions 
(Spoken, Random and Flat), SNR (0 dBSNR and +3 dBSNR), and Order (Elements 1, 2, 3, 4, 
and 5) as the within-subjects factors. Age group (younger and older) and musical experience 
group (musician or non-musician) were the between-subjects factors. Results showed a strong 
order effect of the same degree in musician and non-musician groups (F (4, 64) = 8.708, p = < 
.001).  
 
Figure 4. Order Effect Data for Musician and Non-Musician Groups Separated by Age 
 
 
A pairwise comparison using Bonferroni correction showed that scores were significantly 
better on Element 5 than for Element 1 (p = .005). Additionally, participants scored significantly 
poorer on Element 4 compared to Element 3 (p = .047) and significantly poorer on Element 4 
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compared to Element 5 (p = <.001). Results from this analysis are depicted in Figure 4, revealing 
that Element 5, the last element, is the easiest for participants to remember. Overall, it was seen 
that participants performed better in the +3 dBSNR condition than in the 0 dBSNR condition.  
3.3 Question #3 
The third question asked: Are neurocognitive skills different between musicians and non-
musicians?  
In order to determine whether or not there was a difference in neurocognitive skills 
between the musician and non-musician groups, a multivariate analysis was performed. In this 
analysis, we used the cognitive scores as the dependent variables (nonverbal IQ, receptive 
vocabulary, and auditory working memory), with 3 dependent variables in total. The independent 
variable was their musicianship group (NM or M). Results showed that the musicians performed 
significantly better on the nonverbal IQ assessment (KBIT-2) than their non-musician peers 
(F(1,78) = 18.782, p = < .001). A significant difference was also seen in the receptive vocabulary 
test (PPVT-4), with the musicians outperforming the non-musicians (F(1,78) = 8.540, p = .005). 
Additionally, the musicians performed significantly better on the auditory memory subtest of the 
CTOPP than did the non-musicians (F(1,78) = 6.036, p = .016). These differences found between 
the groups indicate that the musicians achieved significantly higher scores on each of the 
neurocognitive assessments than the non-musicians. The effect of nonverbal IQ (η2 = .194) was 
greater than that of auditory memory (η2 = .072) and nearly twice as strong as receptive 
vocabulary (η2 = .099). Figures 5 through 7 illustrate the comparison between musician and non-
musician groups for each neurocognitive skill measured.  
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Figure 6. Receptive Vocabulary Performance Data for Musician and Non-Musician Groups 
 
 




Figure 7. Auditory Working Memory Performance Data for Musician and Non-Musician Groups 
 
 
3.4 Question #4 
The fourth question asked: Is there an effect of neurocognitive factors on MCI 
performance? 
A MANCOVA was used to determine if there was an effect of neurocognitive factors on 
MCI performance and if this effect is different for musicians vs. non-musicians. In this model, 
RAU MCI score for each of the 4 timbre conditions (piano, fixed word, fixed sentence, random) 
was the dependent variable. Musician group (M or NM) was the fixed factor, meanwhile 
neurocognitive abilities (3) and age were the covariates. When all factors were controlled for, 
auditory memory showed a significant effect on MCI performance (F(4,11) = 4.339, p = .024). 
As auditory memory score increased, MCI score also increased. A musician effect was also seen 
(F(4,11) = 4.3, p = .025), consistent with results from previous analysis.  
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When the timbre conditions were separated, the receptive vocabulary raw score was the 
only neurocognitive factor that showed a significant effect on MCI performance. Receptive 
vocabulary was a predictive factor in the fixed sentence (F(1,14) = 4.796, p = .046) and random 
sentence conditions (F(1,14) = 4.73, p = .047). The effect was weak for both the fixed sentence 
(η2 = .255) and random (η2 = .253) conditions, but still significant. Overall, there was not a 
significant difference in effect between musicians and non-musicians for the neurocognitive 
skills when we controlled for age.  
 
3.5 Question #5 
The fifth question asked: Is there an effect of neurocognitive factors on Element ID 
performance?  
A univariate analysis was performed with the Element ID RAU score as the dependent 
variable. Musician group, pitch contour, SNR, and element number were the independent 
variables, meanwhile the receptive vocabulary raw score, nonverbal IQ raw score, and auditory 
memory raw score were the covariates. We found that Element number interacted with receptive 
vocabulary (p = .011) and auditory memory (p = .034).  
Previous analysis showed that RAU scores from the flat and random contour did not 
differ, therefore the average of these two conditions were calculated. This represented the 
average score in the unnaturally intonated conditions (sung speech). Further analysis for Element 
ID was performed for Elements 1, 4, and 5 because these were the elements in which an order 
effect were seen (see Results for Question #2). Averaging of Flat and Random condition results 
was done for Elements 1, 4, and 5 for both the 0 dBSNR and +3 dBSNR conditions (6 
calculations in total).  
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Twelve forward stepwise linear multiple regressions were performed with the Element ID 
data. For each analysis, the respective RAU score was the dependent variable and nonverbal IQ, 
receptive vocabulary, auditory working memory, and age are used as the independent variables. 
Following each analysis, the significance level was adjusted for the amount of analyses 
performed. Table 2 displays the results from the analyses in the +3 dBSNR condition while 
Table 3 displays the results from the analyses in the 0 dBSNR condition. 
The first analysis was performed for Element 1 of the Flat/Random conditions at 0 
dBSNR. We found receptive vocabulary to be the only predictive factor in this unnaturally 
intonated pitch contour (p = < .0001). This finding remained significant once the p value was 
adjusted, for the multiple analyses performed. These results indicated that receptive vocabulary 
accounted for 62% of the total variability for this condition. The second analysis was performed 
for Element 4 of the Flat/Random conditions at 0 dBSNR. Both receptive vocabulary and 
auditory working memory were the predictive factors for this condition (p = < .0001). The results 
of the regression indicated these two predictors explained 72% of the variability. The third 
analysis was for Element 5 of the Flat/Random conditions at 0 dBSNR. For this condition, 
receptive vocabulary was the predictive factor (p = .000443), explaining 50% of the variance. 
Analyses were then completed for the +3 dBSNR condition with the averaged 
Flat/Random RAU scores. For Element 1 (p = .002) and Element 5 (p = .002), receptive 
vocabulary was the predicting factor for performance on this task, which accounted for 42% and 
41% of the variability, respectively. When Element 4 was further analyzed in the +3 dBSNR 
condition, both receptive vocabulary and auditory working memory were the predictive factors 
(p = .000012), accounting for nearly 74% of the variance.  
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Next, forward stepwise linear multiple regressions were used to look at the Spoken 
(naturally intonated) Element ID condition. For Element 1 at 0 dBSNR (p = .001) and Element 5 
at +3 dBSNR (p = .000217), receptive vocabulary was the predictive variable that explained 49% 
and 54% of the variability, respectively. For Element 4 at 0 dBSNR (p = < .0001) and Element 4 
at +3 dBSNR (p = < .0001), both receptive vocabulary and auditory working memory were the 
two predictors for these elements; this relationship accounted for 69% and 72% of the variance, 
respectively. In the Spoken condition at +3 dBSNR, auditory working memory was the 
predictive factor for Element 1 (p = < . 0001). Auditory working memory accounted for 58% of 
the variability. For Element 5 in the Spoken condition at 0 dBSNR, there were no significant 



































P value .002 < .0001 .002 < .0001 < .0001 < .0001 
R2 value .421 .737 .416 .588 .721 .542 
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IV. Discussion 
This study aimed to build upon previous literature that investigated the ways in which 
normal-hearing musician and non-musician children utilize pitch and timbre cues as related to 
speech and music perception. Nie and colleagues (2018) most recently assessed this in children 
using the Sung Speech Corpus (SSC) introduced by Crew, Galvin, and Fu (2015). The current 
study is the first to evaluate neurocognitive abilities of school-aged listeners to better understand 
the performance differences between these musician and non-musician groups using the SSC. 
Nonverbal intelligence, receptive vocabulary, and auditory working memory were assessed using 
subtests of widely-accepted standardized assessments (KBIT-2, PPVT-4, and CTOPP). There 
were five specific questions in which we desired to address. The research questions were as 
follows: (1) Is MCI or Element ID performance affected by variations pitch or timbre attribute 
and is this different for musicians and non-musicians? (2) Is there an order effect between 
elements for sentence identification in musician vs. non-musician groups? (3) Are 
neurocognitive skills different between musicians and non-musicians? (4) Is there an effect of 
neurocognitive factors on MCI performance? (5) Is there an effect of neurocognitive factors on 
Element ID performance? 
Previous research using the SSC to evaluate MCI in children has shown a strong 
musician effect (Nie et al., 2018). The results of the current study were consistent with our 
hypothesis, with musicians performing significantly better on the MCI task than non-musicians 
in both the younger and older age groups. Musical training seems to give musicians an advantage 
in detecting pitch contour. Further analysis showed that the participants performed significantly 
poorer in the Random Sentence condition than the Piano and Fixed Word conditions, consistent 
with those of children (Nie et al., 2018) and adults (Crew et al., 2015; Parbery-Clark et al., 2009) 
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in previous literature. Random Sentence is a mixed timbre condition in which the timbre and the 
words used are changing throughout the presentation. In the Piano and Fixed Word conditions, 
the instrument or word is held constant throughout the presentation. These findings suggest that 
normal-hearing children’s ability to identify pitch contour is improved in conditions where 
timbre is not as complex, as expected. 
A statistical analysis of Element ID to identify possible differences in performance 
between musicians and non-musicians showed a musician effect, however it did not reach 
significance. This analysis accounted for the score of each element (elements 1 through 5) over a 
set consisting of 27 trials. This scoring method was different than that of previous studies. Nie et 
al. (2018) scored participants only if each individual sentence was completely correct. When 
scoring the participants by overall sentence, the aforementioned study noted a very minimal 
musician benefit when sentences were presented in noise (0 dBSNR). As previously noted, this 
study aimed to determine if there was an order effect in the Element ID task. Results from this 
analysis showed an order effect that was of the same degree in musicians and non-musicians, 
confirming our hypothesis.  
Previous literature found an order effect for sentence recall in children ages 8 to 12 years 
(Mainela-Arnold & Evans, 2005). In their study, they found that participants scored significantly 
better in recalling words at the end of the list compared to words at the beginning or in the 
middle of the list. Further analysis showed findings consistent with those of Mainela-Arnold and 
Evans (2005), revealing Element ID scores were highest in identifying the last element of the 
sentence. Overall, participants performed significantly better in the identification of Element 5 
compared to Element 1. These findings raise the question of whether memory played a role in 
Element ID, making it easier to recall the later elements in the sentence. In addition, it was found 
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that participants scored significantly poorer on Element 4 than on Element 5. Our analysis also 
confirmed that participants performed better in the +3 dBSNR condition than in the 0 dBSNR 
condition, as expected. This showed that the more adverse the listening condition (0 dBSNR), 
the more likely that these children performed poorly compared with when listening conditions 
were more favorable (+3 dBSNR).  
Interestingly, our analysis revealed that the musicians performed significantly better on 
each of the neurocognitive assessments compared to the non-musicians. Previous research has 
found that duration of musical experience is positively correlated with intelligence scores 
(Schellenberg, 2006; Schellenberg, 2011; Corrigall, Schellenberg, & Misura, 2013; 
Swaminathan, Schellenberg, & Khalil, 2017). Looking back to our first question, we found that 
musicians outperformed the non-musicians on the MCI task. With these findings, we must 
consider if their superior neurocognitive abilities may contribute to their superior MCI 
performance compared to their non-musician peers.  When we controlled for neurocognitive 
abilities and age, we continued to see a strong musician effect. These findings suggest that 
musical training still helps these listeners in the MCI task, even if the neurocognitive skills are 
controlled for. In musicians, we consider the possibility that peripheral mechanisms may be more 
sensitive in detecting these variations in pitch since the musician effect remained after 
controlling for central functions. Peripheral mechanisms were not controlled for in the current 
study.  
This study aimed to explore if there is an effect of neurocognitive factors on MCI and 
Element ID. For MCI, our analyses revealed that receptive vocabulary correlated with the fixed 
sentence and random sentence conditions. This disproved our hypothesis as working memory 
was not a predictive factor in MCI performance. The words used in these mixed timbre MCI 
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conditions were already familiar to the participants, however, our findings suggest that the 
participants rely on these receptive vocabulary abilities in these conditions where timbre 
variations were more complex. Mayer, Hannent, and Heaton (2016) also found a positive 
correlation between pitch discrimination and receptive vocabulary in typically-developing 
children.  
Lastly, we explored the effect of these neurocognitive factors on Element ID. Our initial 
analysis showed that element number interacts with receptive vocabulary and auditory working 
memory. Interestingly, we did not find nonverbal intelligence to be a predicting factor in element 
identification. These results are not consistent with those from Mayer, Hannent, and Heaton 
(2016). Earlier, we saw significant differences in Element ID performance involving Elements 1, 
4, and 5. We did not find a difference in scores between the Flat and Random conditions for 
Element ID, therefore, both scores were averaged together to reflect the participants’ 
performance when the sentence was unnaturally intonated.   
We performed forward stepwise linear multiple regressions on this data along with the 
data from the Spoken condition, which used naturally intonated stimuli. Our hypothesis was 
disproved as nonverbal IQ was not a predictive factor in any of the analyses performed. 
However, receptive vocabulary was a predictive of Element ID performance for several elements 
in several conditions. In the unnaturally intonated listening conditions (+3 dBSNR and 0 
dBSNR), we found that participants relied most heavily on receptive vocabulary skills for 
recalling Elements 1 and 5. When recalling Element 4 in the unnatural listening conditions, we 
found that participants Element ID performance was significantly related to their receptive 
vocabulary and auditory working memory. This suggests that receptive vocabulary and auditory 
working memory play an important role in identification of the element next to last. When the 
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sentences were naturally intonated, auditory memory was found to be the predicting factor in 
identifying Element 1 in the +3 dBSNR condition. However, when the signal-to-noise ratio was 
less favorable (0 dBSNR) in the naturally intonated condition, receptive vocabulary skills were 
found to be the predicting factor for Element 1. Just like in the unnaturally intonated conditions, 
receptive vocabulary and auditory working memory were both predictive variables in identifying 
Element 4. Interestingly, the last element (Element 5) did not appear to require the most memory 
in this naturally intonated (Spoken) condition. These findings indicate that neurocognitive 
abilities, especially receptive vocabulary and auditory working memory, play a role in Element 
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Conclusion 
This research revealed new insight into the relationship between success in speech 
understanding and music listening and neurocognitive abilities in normal-hearing children. 
Consistent with previous literature, a trend was seen between musical experience and 
performance on the MCI task, however a trend is not seen in the Element ID task. Findings from 
this study indicate the presence of an order effect on the Element ID task, indicating that 
participants perform better on the last element than they do on the first element. Further analysis 
showed that receptive vocabulary and auditory working memory were significant predictors of 
performance on some of the elements in the Element ID task. More research is needed in this 
area to determine if there are other factors that may account for some of the performance 
differences seen between musicians and non-musicians on the MCI task.  
More data should be collected to further explore the significant differences seen between 
musicians and non-musicians on the standardized assessments of nonverbal intelligence, 
receptive vocabulary, and auditory working memory. Previous literature suggests that significant 
correlations exist between duration of musical training and socioeconomic status (SES) as well 
as duration of musical training and intelligence. Future research should aim to better understand 
the ways in which performance of normal-hearing children differs from children who use hearing 
aids or cochlear implant devices. An understanding of this area of research can provide us with 
better insight as to how we can program devices in order to optimize speech and music listening 
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Appendix I: Extended Literature Review 
Listening differences between musicians and non-musicians has long been an area of 
interest in the literature. In 2014, Allen and Oxenham discussed three features in which sound 
can be categorized: pitch, timbre, and loudness. They examined the effect of fundamental 
frequency (F0) discrimination when spectral shape (timbre) is varied as well as spectral shape 
discrimination when F0 is varied in musician and non-musician listeners. Their findings revealed 
that when detecting pitch, musicians are negatively affected by random variations in timbre, 
similar to their non-musician peers. The two groups showed a similar amount of interference. 
However, the results for these F0 difference limens revealed significantly better scores for the 
musician group compared to those of the non-musician group. When comparing discrimination 
limens for spectral shape, they did not see difference between musician and non-musician 
groups.  
Crew, Galvin, and Fu (2015) created the Sung Speech Corpus (SSC) to evaluate speech 
and musical perception abilities of listeners using different hearing modalities, through one 
database. These recorded stimuli remove extraneous variables in testing to improve inter-test 
reliability. The SSC allows for the testing of normal-hearing listeners, hearing aid users, as well 
as those with cochlear implants. Melodic Contour Identification (MCI) and Sentence 
Identification (Sentence ID) (or Element Identification (Element ID)) are two of the areas that 
the SSC allows researchers to assess through the manipulation of pitch and timbre within the 
stimuli.  
The MCI task gives the listener a closed-set visual display of 9 different contour options, 
in which the listener must select which contour they have heard. Each contour consists of 5 piano 
notes or words, with each presentation varying in terms of timbre complexity. The Piano and 
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Fixed Word conditions keep the timbre constant across notes/sounds in the presentation and only 
the pitch changes (Fixed Timbre). Meanwhile, in the Fixed Sentence and Random Sentence 
conditions, timbre and pitch change throughout the 5-piece presentation, increasing the semantic 
complexity of the stimulus (Mixed Timbre). These “sung speech” stimuli require the listener to 
rely on both pitch and timbre cues, like music listening in everyday situations. MCI can be tested 
using three different fundamental frequencies (F0) or “root notes”. The subsequent notes (5 notes 
total) in each presentation are varied from anywhere between 1 and 3 semitones, with a total of 
135 possible musical contours, each trial having varying levels of difficulty. The SSC also 
encompasses a Sentence ID/Element ID task. Using a closed-set 10x5 visual display, the listener 
must select or repeat back the sentence they have heard. This allows for the assessment of speech 
perception using 100,000 sentence combinations with 27 different contours (9 contours for each 
of the 3 root notes). The SSC allows the researcher to manipulate several characteristics of the 
stimuli. Element ID can be tested in the presence of competing noise, allowing for testing at 
different signal-to-noise ratios.  
In their 2015 study, Crew, Galvin, and Fu tested MCI and sentence identification in 
normal-hearing adult musician and non-musician subjects. MCI was tested using various patterns 
of notes or words. In this study, they found a strong musician effect for MCI performance. In 
timbre conditions where the stimuli were more complex, the musician effect became even 
stronger. In the Sentence ID task, a musician effect was not seen. The authors concluded that 
musicians had a significant advantage in extracting pitch information when compared to their 
non-musician peers, which was consistent with the findings of Parbery-Clark and colleagues 
(2009).  
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Nie and colleagues (2018), used the SSC to assess MCI and Sentence ID performance in 
musician and non-musician children with normal-hearing. Prior to testing, the children were 
asked to complete a Musical Experience Questionnaire that addressed several areas of musical 
training such as age at which musical training began, instrument of choice, self-rating of pitch 
discernment, among other questions. In this study, the authors aimed to determine if early 
exposure to musical training resulted in differences between the way these listener groups utilize 
pitch and timbre cues. MCI testing was performed in quiet using all four conditions (Piano, 
Fixed Word, Fixed Sentence, Random Sentence). They found significant musician effects for 
MCI in these children, consistent with findings in adults (Crew, Galvin, and Fu, 2015). In the 
musician group, performance on the MCI task was significantly poorer in the mixed timbre 
conditions compared to the Piano and Fixed Word conditions. The researchers questioned 
whether working memory played a role in the participant’s ability to compare what they heard to 
the F0 in the MCI task.  
Nie and colleagues (2018) found significant musician effects when testing Sentence ID in 
noise (0 dBSNR). Interestingly, further analysis revealed that musician performance on the 
Sentence ID task positively correlated with the duration of musical training and the age at which 
musical training began. In both musician and non-musician groups, participants in this study 
performed better when the stimuli were naturally spoken compared to when sung speech was 
used (Random and Flat conditions). Musician effects were not seen when testing was performed 
in quiet. The musician and non-musician groups were further divided into younger (8 to 9 years) 
and older (10 to 16 years) groups. These cutoffs were used considering the findings of Halliday 
et al. (2008), who reported frequency discrimination abilities to be similar to adults around age 
11, with poorer skills in younger children. When compared to adult participants in the Crew et al. 
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(2015) study, both the younger and older children in this study performed significantly poorer on 
the speech in quiet task suggesting an age effect on the sentence identification task (Nie et al., 
2018).  
Recent literature has focused on the link between musical training and neurocognitive 
abilities in adults and children such as intelligence, receptive vocabulary, and auditory working 
memory. In 2009, Parbery-Clark, Skoe, Lam, & Kraus studied adult musician and non-musician 
listeners in order to assess speech-in-noise performance, frequency-discrimination, and auditory 
working memory in these populations. When comparing the two groups, their results revealed 
that when the speech signal was presented at 0 degrees azimuth, the musicians scored 
significantly better on the speech-in-noise tasks compared to the non-musicians. However, they 
found that when speech and noise were separated (speech and noise presented on different sides), 
the musician and non-musician groups did not differ in performance. The researchers suggested 
that the advantage, when speech is presented in front of the listener, may be the result of the 
musicians using cues other than localization to discern speech in such adverse listening 
situations. Additionally, they saw that the musician group exhibited better (smaller) frequency 
discrimination abilities as well as better working memory performance than the non-musician 
group. The researchers reported that these findings were consistent with previous literature, 
indicating an advantage in speech-in-noise, frequency discrimination, and working memory seen 
in the musician population.  
Schellenberg (2006), aimed to determine if a relationship existed between musical 
training and intelligence using four subtests of the Wechsler Intelligence Scale for Children 
(WISC) in children. The author found a positive correlation between duration of musical training 
and IQ. Research conducted by Swaminathan, Schellenberg, and Khalil (2017) sought to study 
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this relationship between musical training and IQ in further detail. The authors measured music 
competence using the Musical Ear Test (MET) and measured nonverbal intelligence using the 
Raven’s Advanced Progressive Matrices in young adults while taking musical experience into 
account. They discovered that duration of musical training positively correlated with nonverbal 
intelligence, consistent with previous findings (Schellenberg, 2006; Corrigall, Schellenberg, & 
Misura, 2013). In addition, they found that nonverbal intelligence was positively correlated with 
music competence. Once the authors controlled for duration of musical training, the relationship 
between music competence and nonverbal intelligence remained. Schellenberg (2011) found that 
in young adults, musicians outperformed non-musicians on tests of verbal and nonverbal 
intelligence. Similar to Nie and colleagues (2018), the authors of this study questioned whether 
working memory or other executive functions could account for the relationship between musical 
training, nonverbal intelligence, and music competency.  
In 2016, Mayer, Hannent, and Heaton used a control group of children, adolescents, and 
adults to examine the relationship between age, verbal intelligence, receptive vocabulary, pitch 
discrimination and speech processing. They used age-appropriate versions of Weschler 
Intelligence tests to assess intelligence for each participant. The Peabody Picture Vocabulary 
Test (PPVT) was used to evaluate receptive vocabulary. Their findings revealed a positive 
correlation between receptive vocabulary scores and pitch discrimination abilities in these 
typically developing participants. Additionally, they discovered a significant positive correlation 
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Appendix II: Musical Experience Questionnaire 
Please fill out this questionnaire to the best of your ability. If you have any questions feel 
free to ask for assistance. If a question does not pertain to you please answer with N/A. 
Do you have musical experience? 
  
 
What type of musical experience do you have? (Composing, playing an instrument, singing, etc.) 
  
 
How many years of musical experience do you have? 
  
 
At what age did you begin practicing and honing your musical ability? 
  
 
Is there a family history of musical experience?  If so, are those family members immediate or extended? 
  
 
Have you ever taken music lessons? Private or through school? How long? 
  
 
Were you classically trained as a musician or self-taught? 
  
 
How often did/do you practice your musical skills? (daily, weekly, monthly, etc.) How many hours per 
practice session on average? 
  
 
If you do play an instrument – what instrument do you play? 
  
 
What genre of music do you prefer to listen to, perform, or compose? 
  
 
Are there certain environments you practice in or listen to music that you enjoy more? 
  
 
Can you sight read? 
  
 
* On a scale of 1 to 10 (1 being not confident; 10 being very confident) rate your musical ability. 
  
 
*On a scale from 1-10 (1 being not confident and 10 being very confident) rank your ability on 
discriminating pitches of tones in music. 
